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) ; Shop Foreman: Give 
' me the works man- 
ager’s office. Hello, 
Mr. Thomas, Joe 
Black speaking. We’re 
having a lot more grief 
with this last lot of 
steel—the stuff is just 
no darn good. 








A application of Controlled Steel has 


smoothed out many a worried brow. 





For here is a trouble chaser that 1n the 
last few years has reduced spoilage and 
rejection losses, brought down costs in 
. plants all over the country. 


What are Controlled Steels, you ask. 
Briefly, they are steels for forging, form- 
ing, heat-treating and machining in which 
all quality factors are definitely prede- 
termined. They are steels in which the 
physical properties are kept consistently 
uniform... in shipment after shipment. 
They are steels in which those “mysteri- 
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Works Manager: The 
Rockwell in this steel 
should run between 58 
and 63 shouldn’t it? 


Shop Foreman: Yes, 
Mr. Thomas, but look 
what we're getting. 


ous differences” —that make it so difficult 
to obtain uniform results with ordinary 
steels—have been eliminated by scien- 
tific metallurgical control. 


We’ve been making Controlled Steels 
for quite a while now. We know how to 
analyze your fabricating processes and 
how to give you the right kind of steel to 
do the best job for you at least cost. Why 
not invite one of our metallurgists to look 
over your production line and to pre- 
scribe Controlled Steels where he thinks 
they will do the most good. It costs 
nothing to have him call. 


| U-S:S Controlled Steels 


STEEL CORPORATION 


Pittsburgh and Chicago 


United States Steel Products Company, New York, Export Distributors 
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The Spectrograph in the lron Foundry 


hy H. B. Vincent, 


——E 


nf 


ll. Wyant & Cannon 


Vincent and Sawyer are in the Dept. of Physics, 
t Mich., and Mr. Sampson is with the 
Foundry Co. 


lopment described in this article was undertaken in 
MT, aah the department of engineering reseearch of the Uni- 
Michigan- -a department devoted exclusively to soopere- 
industries in technical developments,—the research being 


d by the Campbell, Wyant and Cannon Foundry Compan) 


con, Michigan, and carried out in the department of 


It has been described by Vincent and Sawyer, Jour. App 
l. 8, 1937, pp. paca 173, and discussed by Oliver, Iron 
139, May 20, 1937, pp. 25-29. The present account 1: 


verbal report at “nf Mass. Inst. Tech. 
in July, 1937. This article describes a tripling of 
and an increase in its accuracy and range 
Authors. 
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Vanganese in Iron. 





























Conterence On 


The blackening of the spectral lines of manganese 




















© ON wm “oOo ~*~ 
2" © co ro 2 
© © mn am oS 
~* 2] NU NN MN 
@® ® ® 
yc See iae Uae tae ee 
- 4 x | | | , Be 
_. 4 
| , at 
4 
ol 
| . 
: = 
| 
: 
$ 
7 ‘ 


R. A. Sawyer and A. M. Sampson 


OR MANY INDUSTRIAL PROCESSES, the im- 
portance of rapid and accurate routine analysis can 

scarcely be overestimated, since it leads to diagnosis and 
cure of composition ills rather than postmortem lamenta- 
tions. This fact has generally recognized. For 
many years efforts have been made to increase analysis 
speed, not only by improving the wet methods of chem- 
istry, 


been 


but also by utilizing physical characteristics of the 


materials. Prominent among new developments has been 
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mncreases with increasing concentration 
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Fig, 2. Pouring Samples for 


the use of the spectrograph. Its early successes were in 
qualitative analysis; quantitative results have until recently 
failed to attain the reliability demanded for industrial proc- 
esses. However, satisfactory quantitative methods have 
been worked out in a number of instances and are in use 
by some of the more progressive industries. 


Spectrographic Analysis of Cast 
Iron in 8 Mins. 


During the past few years, the authors have developed, 
partly from suggestions contained in the literature and 
partly from their own investigations, a technique by which 
a sample of cast iron may be analyzed in 8 mins. elapsed 
time for the elements chromium, copper, manganese, 
molybdenum, nickel and silicon. In routine foundry use, 
the reliability of the analysis performed has been shown to 
be better than that of the chemical laboratory previously 
used; a production control and not simply an inspection 
analysis is provided. 

An installation of apparatus, made at the plant of the 
Campbell, Wyant and Cannon Foundry Co., during 1935 
and put in operation in the succeeding year, indicated that 
the spectrographic aspects of the problem had been solved. 
The analysis results showed adequate reliability and the 
elapsed time of 25 mins. needed for analysis of a single 
sample for 6 elements represented a considerable saving 
of time over gravimetric chemical methods. It was felt, 
however, that improvements in speed could be effected and, 
while the reliability of results was being tested by running 
duplicate samples in the spectrographic and chemical 
laboratories, the development of increased speed and some 
extensions of the analysis range were undertaken in the 
university laboratories. 
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ayy, 
Fig. 3. The Spectrographic Laboratory. Note proximiy 
to the line of furnaces whose output is analyzed. 
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Fig. 4. Circuit Diagram of Condensed-Spark Sourtt 
Comprising S, Line Switch; R, Adjustable Primary Re 
sistor; T High-Voltage Transformer; V, Electrostatic VOR 
meter; C, Condenser; I, Synchronous Interrupter; R, Re 

sistor; G, Sample Gap; L, Inductance. | 
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Source Room. The spark source operates 
gap is protected by a cc 


ate results were the development of an 8-min. 
inique, the demonstration of accuracy exceed- 
the chemical laboratory, and the taking over by 


raphic laboratory of all routine control analysis 
allic constituents of the irons. The company 
long prided itself on the quality of its prod- 


6. The Darkroom. The inclusion of 
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ucts, has found the rapid and accurate analysis of marked 
benefit in maintaining variation of composition within nar- 
row limits. 

Quantitative analysis by means of the spectrograph is 
based on the discovery, made many years ago, that if mix- 
tures of metals containing various small concentrations of 
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an element are used in a light source, such as an electric 
discharge, the spectrum due to that element varies in in- 
tensity with the concentration. An example of such vari- 
ation, taken from the spectra of ferrous alloys, is given in 
Fig. 1. 


How Calibration is Effected 

In the process of quantitative analysis it has been found 
Fig. 8. Graph of Results Obtained with the Spark Source 
Shown in Fig. 4. Four readings are plotted for each 


sample. All readings in the working range fall within 
the outer lines which indicate + 5 per cent of the amount 
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The Micro ph otometer Equipment. 


advantageous to base all calibrations on the relative in 
tensities of selected element and matrix lines, since the 
are excited, exposed and developed together. Calibration 
is effected by establishing, by means of alloys of known 
composition, the relationship between relative intensity 
and percentage concentration. Such a piot is shown in 
Fig. 8. Samples, whose compositions are unknown, are 
analyzed by determining, from measurements, the relative 
intensities of the chosen pair of spectral lines, and reading 
the percentage content from the calibration curve. Con- 
tinued use of standard samples is necessary only for oc- 
casional checks. 

While, under a given set of excitation and exposure con- 
ditions, the range of percentage contents over which a 
spectral line shows satisfactory variation in intensity ‘s 
quite limited, it has been found possible to choose lines 
and conditions such that the following percentages may be 
read simultaneously from a single spectrum: 


~ 


Cr—0.01 to 1.50 per cent. 
Cu—0.20 to 3.00 per cent. 
Mn—0.30 to 1.25 per cent. 
Mo—0.07 to 1.50 per cent. 
Ni—0.15 to 2.00 per cent. 
Si-—0.50 to 4.00 per cent. 


All irons in current production by the company fall within 
these ranges. Extensions are easily possible. 


Analysis Procedure Described 


In the analysis procedure at the foundry, cylindrical 
samples 1 in. in diameter and 1 in. long are poured from 
the molten iron into a permanent mold as shown in Fig. 2. 
They are immediately removed from the mold and taken to 
the spectrographic analysis laboratory. This laboratory, 


METALS AND ALLOYS 











shown in plan in Fig. 3, is provided with an independent 
air-conditioning system; the air is heated or cooled as de- 
sired, filtered, and maintained at a pressure slightly above 
atmospheric to prevent the infiltration of dust and smoke. 
The samples are burned in the spark source shown in Figs. 
4 and 5. 

The importance of the nature of the source used can 


scarcely be overemphasized. Indeed, the variation of spec- 
tral line intensity with concentration has long been known, 
and, beyond doubt, the spectrograph would be widely used 
for analytical work if it were not for the difficulty experi- 
enced in devising a discharge mechanism which will 
vaporize and excite an alloy in a repeatable fashion. The 
condensed-spark apparatus developed by the authors and 
constructed in the university instrument shops has proved 
entirely satisfactory for routine analytical work. It is 
thought to represent an advance over previous designs in 
stability and in the reproducibility of results. 
The light from the spark source enters the spectrograph 
hown in Fig. 6. The installation of the spectrograph in 
darkroom saves the maintenance and manipulation of 
slides, as well as much time and fatigue of the oper- 
The spectrum is recorded on a photographic plate 
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30! 
Fig. 9. Comparative Reliability. Production records at 
be foundry indicate that the Spectrographic analysis 1s 
more reliable than analysis performed in the chemical 
laboratory. The original analysis is the heavy line, repeat 
analyses, the points shown. The silicon content is in all 


cases about 2 per cent. 


in slightly less than 1 min. On completion of the ex- 
posure, the photographic plate carrying the spectral line 
mage is processed and dried. This operation is completed 
| 5 mins. elapsed time through a special processing tech- 
nique developed by the authors with the cooperation of Dr. 
C. J. Staud of the Eastman Kodak Co., Rochester, N. Y., 
and of J. S. Mertle of the Cramer Dry Plate Co., St. Louis. 
The contrast of the photographic plate and the opacity 
of the selected spectral lines are measured with a remod- 
elled Bausch & Lomb density comparator, shown in Fig. 7, 
and the readings transcribed to percentage content at the 
chart desk at the left. The instrument permits the reading 
of five or six spectral lines per minute and analysis results 
are available without extensive delays, 
Actual tests have shown that a sample can be analyzed 
in 8 mins. elapsed time, and that it is possible to place in 
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Fig. 10. Comparison of Spectrographic and Chemical 


Analyses for Manganese. 


the hand of the furnace operator the analysis of a sample 
which he was pouring less than 9 mins. previously. Such 
analyses are carried out whenever casting difficulties are ex- 
perienced with a particular melt, but, in normal procedure, 
samples are taken from all furnaces at regular half-hourly 
intervals and all analysis results are returned to the op- 
erators when the messenger makes his next trip for samples. 


Precision as Important as Speed 
Speed of analysis alone is not sufficient; precision is also 
of fundamental importance. If a method of analysis will 
not indicate very nearly the same composition when the 
sample is run a second time, it is useless for production 
control. The reliability demonstrated by the condensed- 
spark source is shown in Fig. 8, a graph of results obtained 
on samples analyzed chemically by expert analysts. An 
evaluation of results obtained in the foundry laboratory is 
































































































































Fig. 11. Comparison of Spectrographic and Chemical 
Analyses for Silicon. 
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not based on any such careful chemical analyses. How- 
ever, during several months of simultaneous operation, 
numerous check readings between chemical and spectro- 
graphic results were obtained. Samples to be analyzed in 
both laboratories were supposed to be poured from the 
furnace at the same time, but it is not possible to guarantee 
that the two laboratories had, in all cases, samples of ex- 
actly the same composition. Comparisons were made with 
routine-control chemical analysis which is, perhaps, some- 
what more hurried than the best analytical determinations. 
In general, the press of arrival of new samples prohibited 
efforts to compose small differences in analysis. However, 
if the discrepancies were sufficiently great, one laboratory or 
the other might find time for a check run. 


Chemical and Spectrographic 
Analyses Compared 


Fig. 9 shows a comparison of original and repeat analy- 
ses for the chemical and spectrographic laboratories at the 
foundry. The readings shown here include, with no omis- 
sions, all the repeat runs made on silicon analysis in cer- 
tain types of iron during the period March 1 to May 20, 
1936, The original analyses lie on the heavy line and 
departures of the repeat analyses from the original are 
shown by the distribution of the points. The silicon con- 
tent is, in all cases, about 2 per cent, and it is apparent 
that no repeat spectrographic determination differs from the 
original by more than 8 points, or 4 per cent of the silicon 
content, and that the limit of error from the mean does 
not exceed plus or minus 2 per cent of the amount of the 
element present. It is thought that a limit of error of plus 
or minus 5 per cent of the content is sufficiently liberal to 
include such systematic errors as may be anticipated. It is 
important to note that this is an unselected list of repeat 
analyses from an actual routine-control installation, that 
it covers an elapsed time of nearly three months and is not 
a quotation of results obtained on a single photographic 
plate in a development laboratory. 

The repeat runs made in the chemical laboratory for the 
same element and the same irons over the same period 
show considerably wider departures. This graph does not, 
of course, represent the average chemical accuracy, since 
check readings were taken only in cases where the initial 
determination appeared questionable, either through failure 
to check the spectrographic result on the same sample, or 
because the composition appeared to differ from the ex- 
pected value. Perhaps the best view to take of this figure 
is that the departures show the relative probability of 
something going wrong with the method. In any case, the 
spectrographic determinations show superior reliability. 


Analyses for Mn and Si Compared 


Figs. 10 and 11 show a comparison for manganese and 
silicon of routine spectrographic and chemical analyses per- 
formed on irons in production at the foundry. In gen- 
eral, analyses were made in the spectrographic laboratory 
at much more frequent intervals than in the chemical 
laboratory; the figures show all chemical results 


posted, and the corresponding values obtained by the use 
of the spectrograph. The period selected for comparison 
is random and covers a sufficient time to be representative. 

The graphs show small differences in analysis but none 
of important proportions, and it must be borne in mind 
that the exact composition is not known, and that it can- 
not be guaranteed that the samples were of precisely the 
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CONTROL OF COPPER IN ALLOY IRON 
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NUMBER OF DAYS FOR WHICH DEPARTURE (ORDINATE) 
WAS NOT EXCEEDED. 

Fig. 12. Comparison of Production Records under Chem- 

ical and Spectrographic Control. Rapid and accurate 

Spectrographic analysis shows marked improvement in uni- 


formity of product. 


same composition. In view of Fig. 9, which demonstrates 
relative repeatability, perhaps no large part of the small 
variations observed should be assessed as errors in the 
spectrographed determinations. In any case, the accuracy 
of the spectrographic determinations is easily adequate for 
routine control. 

A rapid and precise analysis procedure of the type de- 
scribed should show positive benefits in the accuracy to 
which production limits may be maintained, as has, indeed, 
proved to be true, Fig. 12 is a graph of the daily average 
variation in the copper content of copper-bearing irons, in 
production. The ordinates show the number of days dur- 
ing a selected month for which the variation did not exceed 
the percentages given as abscissae. The month selected 
for chemical control is thought to be typical; that for spec- 
trographic control was the only full month available at the 
time the graph was drawn. The elimination of the larger 
variations is easily observed. Similar improvements have 
been shown in the control of other alloying elements. 


Facts as to Actual Experience 


Since the claims of spectroscopists in development Jab- 
oratories sometimes fail to be realized when routine opera- 
tion in a manufacturing plant is attempted, it should be 
borne in mind that the apparatus described has been in- 
stalled at the foundry, that its speed and accuracy have been 
demonstrated by plant use, that the spectrographic labora- 
tory is at present performing routine control analysis for 
all metallic alloying elements to the exclusion of chemical 
wet methods, and that the improved control permits the 
Campbell, Wyant & Cannon Foundry Co. to hold the vari- 
ation in composition of their irons within narrower limits 
than was previously possible. 
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COMPARATIVE EFFECTS OF 


Controlled Atmospheres 


hv E. E. Slowter and B. W. Gonser 


Engineer and Metallurgist, 
'y, Battelle Memorial Institute, 
, Obio. 


CCESSFUL USE of cheap, partly burned gases 
ctive atmospheres for the heat treatment of plain 
bon steels has led to a demand for similar at- 
for high carbon and special alloy steels. That 
ients for such atmospheres are far more exact- 
hen heat treating plain low carbon steels has 
recognized by heat treaters, atmosphere producer 
‘rs and others concerned with these problems. 
| important to do bright hardening for appear- 
naintenance of dimensions against scaling is 
tant, while freedom from decarburization or 


the nuisance of having to remove a soft skin is ordinarily 
paramount. The term “‘bright hardening” or “clean hard- 
ening’ is more often used than ‘‘non-decarburizing hard- 
ening’ which is what is actually desired. We shall also 
use the shorter, though less precise, term. 


Where clean hardening is to be done a variety of differ- 
ent alloy steels may have to be handled, hence the value 
of a given protective gas will depend, in part at least, on 
ts suitability for use with alloy steels having a wide com- 
position range. Fortunately, the greater value of the alloy 

eel products to be protected justifies a more expensive 
protective gas or more care in its preparation and purifica- 
tion. 
| It is known that highly alloyed steels may depart con- 
siderably from the behavior of plain carbon steels, both as 
to scaling and to decarburization. How marked these ef- 
fects may be on the moderately alloyed steels that go into 
the bulk of heat-treated products is a matter that cannot 
be settled without some experimental evidence. The work 
here reported, which was done under the sponsorship of 
the Utilities Coordinated Research, Inc., and is published 
with the permission of the sponsor, is aimed to throw light 
on this question of how far some of the important alloy 
steels and plain carbon steels differ in their behavior to- 
ward various controlled atmospheres. 
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Fig. 1. Effect of Nitrogen on Alloy Steels. 
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CARBON CONTENT —%C 


Fig. 2. Effect of 5 Per Cent CO—Balance N,, Gas on 
Alloy Steels. Three hours at temperature. 


In a previous paper (E. E. Slowter and B. W. Gonser, 
“An Experimental Study of Gases for Controlled Atmo- 
spheres in the Heat Treatment of Steel.” METALS AND 
ALLoys. Vol. 8, June 1937, p. 159. Vol. 8, July 1937, 
p- 195), the effects of various atmospheres on plain car- 
bon steels of 0.07 to 1.02 per cent carbon were described. 
From this work it was concluded that for the bright hard- 
ening of plain, medium and high carbon steels without 
scaling or decarburization: 


1. An atmosphere of absolutely pure Nz is the least re- 
active with all plain carbon steels. 

2. CO-N:, H2-N: and CO-H:2-N: gases high in N: have 
only small effects on plain carbon steels, the effects increasing 
as the amount of Nz decreases. Any tendency towards de- 
carburization by these gases may be balanced, for a given 
carbon steel, by the addition of small amounts of CH. 

3. CO. and H:O, as well as O:, must be eliminated from 
heat-treating atmospheres for certainty in preventing decar- 
burization during bright hardening. 


These conclusions pointed out the types of atmospheres 
desirable for all plain carbon steels but left the question 
as to the effects of these atmospheres on various alloy steels 
unsettled. Accordingly, in view of the increasing number 
and popularity of alloy steels both in the low and high 
carbon ranges, a study was made of the action of some of 
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CARBON CONTENT -%C. 


Effect of 5 Per Cent CO — 0.3 Per Cent Ch, — 


Three hours at tem Dera 


Balance N, Gas on Alloy Steels. 


the typical atmospheres on a group of alloy steels selected 


ture. 


so as to cover most of the different types of alloys. 


Types of Atmospheres Studied 


The atmospheres selected fer study were: 


I. Syn 


me anee 


thetically prepared: 


5. per cent CO, balance N; 
5 per cent CO, 0.3 per cent CH,, balance N2 
10 per cent He, balance N2 
10 per cent Hoe, 2 per cent CH,, balance N2 
10 per cent CO, 10 per cent Hos, 1 per cent CHa, 


II. Partly burned natural gas: 
a. 


c 


In each case, the gas composition given is that entering 
the heat-treating furnaces. These atmospheres are intended 
to represent a fair cross-section of the commercial poss 
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Undried gas from generator: 
5 per cent CO:, 10 per cent.CO, 9 per cent Hz, 0.7 
per cent CH,, balance N:; 
Dried generator gas: 

5 per cent CO:, 9 per cent CO, 9 per cent Hz, 1.0 
per cent CH,, balance N; 
Dried, CO,-free generator gas: 
9 per cent CO, 10 per cent Hs, 1 per cent CHs, 
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CARBON CONTENT - % C. 
. Lyjfect of 10 Per Cent H, — Balance N, Gas on 
Alloy Steels. Three hours at temperature. 
bilities rather than to thoroughly cover all possible varia- 


tions of any particular type of atmosphere, However, all do 
tepresent types of atmospheres which may be obtained if 
economically justified. 

The synthetically prepared gases and the dried, CO,-free 
generator gas represent that type of atmosphere which is 
non-reactive within itself, except for a slight breakdown 
y heat of any CH, that may be present. The undried and 

| generator gases, however, represent that type of at- 

sphere which is reactive within itself when re-heated af- 

ter its original preparation. The direction of these reactions 
is shown by the analyses in Table I. 


Table 1. Changes of Partly Burned Gas Atmospheres with 
eet Temperature 
source of Gas Sample %CO: %CO %H: % CH 


Undried Generator : 
Entrance to Furnace wens 


RAE ee, 1, PUMMACE. eee snes. 5.1 9.7 9.0 0.7 
eal ‘rom Furnace at 1472 deg. F..... 5.4 10.3 10.5 0.6 
xit trom Furnace at 1652 deg. F..... 4.6 11.9 10.3 0.6 
xit from Furnace at 1742 deg. F..... 4.7 11.1 9.7 0.6 
Dri 
entrance to Furnace....... se prepaccrges ti 9.2 9.3 0.9 
Bait from Furnace at 1472 deg. F..... 4.1 10.8 9.3 1.0 
Exit — a urnace at 1652 deg. F..... 2.9 12.6 8.7 0.8 
it irom Furnace at 1742 deg. F.... 2.9 12.4 8.5 0.9 


The chief reaction taking place appears to be: 


CO; + H; = CO + HO 
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CARBON CONTENT —-% C. 
Fig. 5, Effect of 10 Per Cent H, — 2 Per Cent CH, —— 
Balance N, Gas on Alloy Steels. Three hours at tempera- 
ture. 


When the produced gas contains water, the reaction may be 
at or near a state of equilibrium when the gas is used. 
However, if the produced gas is thoroughly dried before 
use, the reaction is driven to the right at a speed dependent 
upon the annealing temperature used. This shows the fu- 
tility of drying ordinary partly burned gas in order to elimi- 
nate the bad effects of water vapor except in the special 
cases where it is desired to bring the H,/H,O ratio of the 
entering gas to such a point that staining will not occur 
during cooling periods or where the annealing temperature 
is so low that the reaction does not take place to any ap- 
preciable extent. It should be remembered in this connec- 
tion that superficial staining or temper colors are usually 
not objectionable with high carbon steels but that water 


vapor accelerates decarburization and this is most objection- 
able. 


EXPERIMENTAL WORK 


INCE much work has been done on plain carbon steels 
he the atmospheres required for their protection, it 
seemed desirable to correlate the action of various alloy 
steels with the known actions of plain carbon steels so that 
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Effect of Undried Generator Gas on Alloy Steel 
Three hours at temperature. 











Table 11. Composition of Alloy Steels 
Ident P s Si Cr Mo Ni Vv Cu Al W 
Letter Type of Steel Cc Mn 
800° C.—1472° F. GROUP | 
H Cs. fem ee iets S 0.44 0.73 0.016 0.040 0.18 sel Pre 
N NS eee ee eer er 0.50 0.45 0.04 0.045 eee: 1.10 1.75 ; ; 
P SAE 2350—Nickel ................ 0.50 0.65 0.04 0.05 a 3's 3.5 sf 3s a a | 
2 High speed drill rod.............. 0.70 geet ie Sain in STF 4.0 sears 1.0 hee —— 
ee Ce eee is cae eo ube 0.87 0.49 0.040 0.032 0.24 <a - oan eee ada on 
M SAE 52100—Chromium .........:.« 1.00 0.35 0.03 0.035 hn rt 1.35 
900° C.—1652° F. GROUP : 
Rk High silicon transformer sheet...... 0.03 ie Sat ere  § Te Sas fe Aa cane 7 
V  Cu-Ni-Mo low alloy steel.......... 0.07 0.82 0.013 0.03 0.002 ry 0.093 0.92 1.38 7 
Z SAE 51710—Chromium ........... 0.12 0.60* 0.9030* 0.030% 0.50* 16-18 seas ah a as ( 
L SAE 4615—Molybdenum .......... 0.15 0.45 0.04 0.05 alee ates 0.25 1.75 ; 
G UE EE Ea eee 0.19 0.91 0.018 0.154 0.15 eu YS ade ( 
kK SAE 4140—Molybdenum rire: err 0.40 0.65 0.04 0.05 aa'ee 0.95 0.20 coat ake a ae oe 
oO SAE 6145—Cr-V...... 0.45 0.65 0.04 9.045 eore 0.95 ean 0.18 senda il saa oe 
S SAE 9250—Si-Mn .....cccccsesess 0.50 0.75 0.045 0.05 2.00 aan oe ie dies yaaa » eae oe 
E CE Tad cco nk ins 0 6a ewe 1.02 0.29 0.016 0.027 0.18 0.04 0.036 0.083 
950°C.—1742° F. GROUP ' 
U_ Ni-Cu low alloy steel.............. 0.05 0.39 0.074 0.025 0.001 2.00 1.06 sean ot A 
ey NS ew. a5 on ch op aoe 0.07 0.37 0.017 0.029 0.02 x Sade he oats sia oe . 
Y # Cu-Cr-Ni low alloy steel........... 0.07 0.42 0.01 0.023 0.224 0.69 0.45 0.80 wes ” \ 
W Cu-Ni low alloy steel.............. 0.08 0.48 0.12 0.024 0.13 eae 0.47 1.05 eye . 
» ee ee Oe. Se 0.10 0.22 0.173 0.026 0.93 1.14 ee 0.36 4 he i ; 
To WNi-Cr—Wire ........-.eeeeeeeeees 0.12 bes ieee ay Tae 80 ae feee 
ee. sic ekeooees 0.12 pe ee pees hee ieta.a 18.0 aan 8 a ny we 
+ Common nitriding steel............ 0.23 0.51 0.011 0.011 0.20 1.58 0.20 MA aras 1.24 os - 
eS 0. cede ccosdhasecs 0.58 0.78 0.020 0.030 0.18 See Soar 0.99 ae os 
* Maximum, according to SAE specifications. ‘iii 
— 
FE 
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el ct of Dried Generator Gas on Alloy Steels. Fig. 9. Effect of Dried CO, — Free Generator Gas on 
Three hours at temperature. Alloy Steels, 
Table Ill. Effect of Various Atmospheres on Alloy Steels—Weight Changes in Grams per sq. Cm. 
n 5% CO— 10% CO— P ; Dried 
etter pe of Steel Annealing 5% CO 0.3% CHs 10% He 10% He— 10% H2— Undried Dried CO2-Free 
W ‘Temperature N2 Bal. Na Bal, Ne Bal. Nz 2% CHa 1% Generator Generator Generator 
Bal. Ne CHa Bal. N2 Gas Gas Gas 
H Plain carbom. ..cccscoees -- § 800°C. —0.00015 —0.00001 —0.00001 —0.00002 +0.00013 +0.00046 —0.00091 —0.00004 +-0.00085 
ve N SAE 3250—Nickel-Chromium }1472° #. 0.00000 +0.00001 +0.00001 +0.00001 +0.00003 +0.00036 —0.00043 —0.00013 -+-0.00047 
vent P SAE 2350—Nickel .......- “ —0.00001 —0.00002 —0.00004 0.00000 +0.00006 +0.00030 —0.00038 —0.00016 +0.00049 
asst Q High speed drill rod ...... y +0.00004 +0.00008 +0.00006 +0.00003 +0.00003 +0.00022 +9.00008 +0.00011 0.00022 
18! ) Fain COON ao isehd ceeds fe —0.00007 —0.00002 +0.00001 —0.00011 -+0.00006 0.00042 —0.00147 —0.00027 0.00094 
on SAE 52100—Chromium _ +0.00003 +0.00003 +0.00002 0.00003 +0.00006 0.00031 —0.00118 —0.00054 --0.00029 
. High silicon transformer 
' ao Sera 900° C. -——0.00007 —0.00002 +0.00002 0.00000 +0.00013 +0.00003 +0.00018 —0.00006 +0.00003 
oo \ Cu-Ni-Mo low alloy steel... 11652° F. —0.00007 —0.00005 +0.00012 —0.00014 +0.00063 +-0.00133 0.00004 +0.00004 -+-0.00155 
” Z SAE 517 10—Chromium . a7 +0.00012 +0.00064 +0.00051 +0.00013 +0.00097  +0.00105 +0.00017 +0.00017 +0.00131 
x SAE 4615—Molybdenum 6 —0.00021 —0.00002 0.00002 —0.00009 +0.00021 +0.00094 —0.00041 —0.00030 -+-0.00102 
ed SP nn. dk ida —0,00013 -——0.00011 0.00005 ~—0.00026 +0.00047 +0.00112 —0.00043 —0.00024 0.00146 
- K SAE 4140—Molybdent.m —0.00010 —0.00003 0.00000 —0.00024 -+0.00031 +0.00084 —0.00145 —0.00117 +0,00055 
wo O SAE 6145—Chromiw:a- 
_ VERN ni yds cawues ee —0.00003 —0.00002 —0.00001 —0.00012 -+0.00004 -+0.00058 —0.00134 —0.00105 +0.00056 
sd S SAE 9250—Silice, “Man- 
E ae, PE ee ee ci + 0.00003 0.00000 —0.00012 —0.00001 -+0.00003 +0.00031 —0.00104 —0.00099 +0.00023 
- Plain carbon.............. as —0.00012 —0.00005 —0.00018 —0.00035 +0.00024 +0.00011 —0.00389 —0.00366 —0.00076 
A Ni-Cu low alloy steel...... f 950°C. —0.00008 +0.00001 +0.00007 —0.00006 +0.00076 +0.00096 +0.00021 +0.00007 +-0.00101 
y Risin fathom... ....+025. 1742° F. —0.00006 +0.00003 +0.00007 —0.00005 +0.00042 +0.00090 +0.00017 +0,00001 +0.00076 
Ww alg Ni low alloy steel... os —0.00003 0.00000 +0.00013 —0.00001 -+-0.00041 +0.00102 —0.00003 +0.00007 -+-0.00068 
: Xx ww low alloy steel...... - —0,00002* +0.00001 +0.00006 —0.00005 +-0.00078 +0.00096 +0.00019 -+-0.00007 +0.00074 
s TI Xier 2m, alloy steel...... s +0.00002 +-0.00007 +0.00011 +0.00001 +0.00019 +0.00093 0.00000 +-0.00007 +0.00088 
“ F Si, =f 0 ApS a ca +0.00011 +0.00018 0.00027 +0.00008 +0.00027 +0.00020 +-0.00031 —0.00071 -+-0.00012 
, T Canntss (18-8)........... * +0.00022 +0.00119 +0.00110 +0.00020 +0.00053 +0.00107 -+0.00017 +0.00023 +0.00086 
. T jo nitriding steel..... = —0.00005 +0.00016 +0.00013 -—0.00010 -+0.00064 +0.00051 +0.00048 +0.00037 -+-0.00036 
* og tek eT ” —0.00013 —0.00010 —0.00027 —0.00039 -+0.00029 +0.00059 —0.00160 —0.00160 —0.00042 
—___ 
800° C.-1472° F. for this run only 
a 
ove *BRUARY, 1938 
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Fig. 10 Com parison of A p pearance of Selected Steel Specimens after Heating 3 Hrs, at 950 Deg. C. (1742 F.). 








Table IV. Staining Effects of Various Atmospheres on Alloy Steels 
Ident. Annealing 5% CO— 10% CO- I d 
Letter Type of Steel Temper- 5% CO 0.3% CHa 10% He— 10% He Undried Dried CO> Free 
ature N2 Bal. Ne Bal. Nez 10% Hz 2% CHa 1% CHa Generator Generator Gencrator 
Bal. Ne Bal. Nez Bal. Nz Gas Gas as 
H Ce De ae ee { g00° C. B-1 0 A-1 0 0 A-1 B-4 B-4 -3 
N SAE 3250—Nickel-Chromium ...... 11472° F. B-2 A-1 C-1 C-2 C-1 C-2 B-3 B-3 2 
P SAE 2350—Nickel hehe coed wus os 0 0 A-1 0 ) A-1 B-3 B-4 l 
O High speed drill rod.. C-1 C-2 C-3 C-2 C-2 C-2 B-4 B-4 3 
D Plain carbon B-1 0 A-1 0 A-1 A-1 B-3 B-3 2 
M SAE 52100—Chromiun 3 C-1 C-2 C-2 C-1 C-2 B-3 B-3 3 
R High silicon transformer sheet...... f 900° ¢ B-1 A-1 A-1 A-1 A-2 A-1 B-2 B-2 2 
\ Cu-Ni-Mo low alloy steel........... 11652° F. 0 0 0 A-l 0 0 B-3 B-3 2 
Z SAE 51710—Chromium  ......sccc« ae C-3 C-3 C-3 C-1 A-3 C-2 C-3 C-3 -1 
L SAE 4615—Molybdenum .......... “ B-1 A-1 0 0 A-1 B-3 B-4 -l 
G th MES at £0he ow 06 0.860 06606 6% “ B-2 0 A-1 A-1 0 A-1 B-3 B-3 =] 
‘ SAE 4140—Molybdenum .......... 2 c.2 C-1 C-2 0 0 C-3 B-3 B-3 4 
O SAE 6145—Chromium-Vanadium ... sas B-1 A-3 A-3 A-1 A-1 A-4 B-3 B-3 3 
S SAE 9250—-Silico-Manganese ...... ? A-1 A-2 A-2 A-2 A-2 A-2 A-3 A-3 2 
E Plain carbon ......... ee S “ B-1 A-l A-1 0 0 A-1 B-3 B-3 3-2 
U Ni-Cu low i ore [ eae? fC. B-1 0 0 0 A-1 0 B-3 B-3 0 
ER, ER ONO . Cdn Rilke se sen eeaeen 11742° F. B-1 0 0 0 A-1 0 B-3 B-2 0 
y Cu-Cr-Ni low eS eee a B-1 C-1 C-2 C-3 A-l B-3 B-4 B-3 A-3 § 
W Cu-Ni low alloy steel.............. “ B-1 A-1 A-1 A-1 A-1 A-1 B-2 B-3 A-l 
xX Cr-Cu low alloy steel.............. B-1 C-2 C-2 C-1 C-2 C-2 B-3 B-4 C-2 
I et WE. cGhoe s uneeebind otis “ C-1 C.2 C-1 C-1 C1 C-2 C-3 C-3 C-3 
F Se S| a ee ‘e C.3 C:3 C-3 C-3 A-2 C-3 C-3 C-3 C-3 
J Common nitriding steel............ o B-1 A-3 A-3 C-2 A-1 A-2 B-4 B-4 A-2 
I Copeer wilibacs hc oc cuartkaadboces se: “ B-1 A-1 A-1 A-l A-l A-l B-4 B-4 A-l 
‘ 


Fig. 11. Appearance 
of Specimen E, a 
High Carbon Steel, 
before and after 3 
Hrs. at 900 Deg. C. 
(1652° F.). No de- 
carburization. 
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all types of atmospheres would not have to be tried each 
time it was necessary to heat treat a new alloy steel. 


Materials and Procedure 


As in the previous work on plain carbon steel, cylinder 
H, and N., gasometer CO prepared from formic and sul- 
shuric acids and methane as natural gas (70% CHy,, 10% 
C,H,, 4% CsHs, Bal. = N,, CO, and O,) were used as 
the gas sources for the synthetic mixtures, Suitable purifi- 
cation methods were selected to assure the removal of resi- 
dual O,, CO, and water vapor. These gases were measured 
by calibrated orifices and mixed to the desired proportions. 
The partly burned gas was prepared in a standard type of 
venerator from natural gas and air. In either case the prod- 
uct gas was conveyed at the rate of approximately 150 c.c. 
min. to each of three heat-treating furnaces (vol. 
475 c.c. each) which were operated simultaneously but at 
lifferent temperatures. 

he grouping and analyses of the steels used are shown 
Table II. Not all the important commercial alloy steels 
tested but an attempt was made to cover a fair cross 
n of the field. The analyses given in this table rep- 
a combination of analyses actually made and an- 
furnished by the makers of the various steels. In 
these specimens, after machining to shape, were 
cleaned and polished with emery paper, washed 
1, dried and weighed before insertion in the proper 
After insertion of the samples, the cold furnaces 
rged from free O, with the particular gas under 
ition. The furnaces were then brought to their re- 
temperatures and held at that point for 3 hrs., 
ich the specimens were allowed to cool in the gas 
After cooling, the samples were re-weighed. From 
i the weight change per unit area was calculated 
type of steel. 

umples were separated into three temperature 
ach sample being placed into that group whose 
re most nearly corresponded with the ordinary 
ng temperature for that particular steel. A plain 
eel in each group served to correlate results with 
‘oy steels and previous work on plain carbon steels. 
A hour period at temperature was selected so as to 
exaggerate and emphasize any weight changes which were 
taki ig place. Under most commercial conditions this time 
of treatment would of course be much shorter. This point 

should be remembered throughout the whole discussion. 

For quantitative measurement the results have been re- 
ported in weight change per unit area for each sample. 
Positive values are considered to represent carburization 
and negative values, decarburization. This is not strictly 
true f or those cases where staining occurred but even then 
is sufficiently accurate for comparative results. It has been 
previously found that, for all practical purposes, weight 
ome of + 0.00010 g. per sq. cm. were negligible 
ou ng any effect of an atmosphere upon any given 
Results 


The weight changes for each type of steel in each of the 
atmospheres used are given in Table III. These results are 
shown gtaphically in Figs. 1 to 9, inclusive. In these figures 
each point represents a given type of steel. Where two 
aoa steels are present in the same group, a straight 
. ¢ has been drawn between the two points representing 

ese plain carbon steels. Table IV shows the staining ef- 


"~ 


, 


FEBRUARY, 1938 





Fig. 12. Effect of CO on Appearance of Steels Containing 0.95 Per 
Cent Cr. Specimens L and G are Cr-free; K and O containing Cr 
may be bright hardened in H, but not in presence of CO. 


fects of the various atmospheres on the steels. These ratings 
represent the average of the estimates of three observers. 
The key to the system of rating is as follows: 


O= No effect. 


A-1 = Slightly reduced reflectivity B-3 = Blue surface 

A-2 = Slight fog B-4 = Blue-black surface 
A-3 = Gray fog C-1 = Thin green film 
A-4 = Heavy gray fog C-2 = Green film 

B-1 = Partial blue staining C-3 = Heavy green film 
B-2 = Thin blue film C-4 = Green fog 


The appearance of a group of steel specimens after heat- 
ing for 3 hrs. at 950 deg. C. (1742 deg. F.) is shown by 
Fig. 10. Unfortunately, in photographing and in the re- 
production of such illustrations, considerable shade differ- 
entiation is lost, and coloration, as the characteristic 
greenish tint due to oxidized chromium, is lost entirely. The 
dark shades of alloys y, x, i, and f are traceable to their 
chromium contents. Alloy j after treatment in dry CO,-free 
generator gas, appears white in the photograph but it has 
a slightly fogged coating, whereas alloys #, aa and w are 
bright. 

That really bright hardening of high carbon steels is pos- 
sible without decarburization is shown by Figs. 5, 6 and 
11. With the 10 per cent H, — 2 per cent CH, gas no 
noticeable effect was apparent although the photograph in- 
dicates slightly less reflectivity; with the 10 per cent CO — 
10 per cent H, — 1 per cent CH, gas the surface was 
bright but reflectivity was dimmed by a noticeable slight 
tog. Steels containing about 1 per cent of chromium or 
more are rather severely fogged by gases containing CO, 
as shown by Fig. 12. The presence of any oxygen-contain- 
ing gas, i.e. CO, CO, or free O,, prevents a bright sur- 
face on high chromium steels under conditions covered by 
these tests. 

(To be concluded) 


[Part Il will include a discussion of the results with photo- 
micrograp5s.—Editor. | 
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NOTE ON SHORT-TIME 


| High-Temperature Tensile Tests 


OF WROUGHT NI-CR ALLOYS 





hy Kenneth E. Quier 


Instructor of Mechanical Technology, 
Pratt Institute, Brooklyn, N. Y. 


Condensed from a thesis submitted by the author in partial tion of the long-time load-carrying ability, the ability ) 
fulfillment of the requirements for the degree of Master of : : i. on 
ple AP dle , iV ver- lso important, and this m 

Mechanical Engineering at the Polytechnic Institute of Brooklyn. survive a sudden over-load is also P : y 


be approximately determined by short-time high-tempera- 
HE ALLOYS EMPLOYED for electrical resistance ture tensile tests. 


wires are sometimes used in wrought form for the fab- Two commercial resistor alloys, furnished by the Wilb ir 
rication of load-carrying parts for high-temperature B. Driver Co, Newark, N. J., and known as “Tophet 
service. While creep studies are necessary for the evalua- (80% Ni, 20% Cr) and “Tophet C” (60% Ni, 16% “+, 


Fig. 1.—Tension Testing and Heating Equipment Employed. 
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remai:. cr Fe) were subjected to short-time high tempera- 
ture tc sile tests, the former up to 1800 deg. F., the latter 
to 1 leg. F. 


Mat -rials and Testing Procedure 


irgest rod available was 14 in. diam. The test 
specin ns therefore had to be of substandard size. How- 
ever a sage length and diameter of 0.75 in. long and 0.167 


— 


in, diam., proportional to those of a standard test bar, were 
chosen. Otherwise, the testing equipment and procedure 
conformed to the standards of the American Society for 


Testing Materials (A.S.T.M.—E21-34T), 

The furnace was gap-wound and calibration tests on bars 
of each alloy showed the temperature distribution over the 
gage length to be within 2 deg. up to 1400 deg. F. and 
within 5 deg. at 1400 deg. F. and above. The furnace was 
sO mounted that it moved with the movable head of the 
testing machine. The specimens were brought to tempera- 
ture and held there 20 min. before starting the test. The 
motion of the head of the testing machine was 0.05 in. per 
min. The set-up is shown in Fig. 1. 

The materials were not analyzed chemically; their com- 
positions were obtained, however, from the foundry melting 
tecords of the heats from which the respective samples 
were drawn. These “charged analyses” are given in 
Table I. 

Both alloys are low-carbon materials, the carbon content 
of Tophet A being 0.04-0.08 per cent and that of Tophet 
C 0.06-0.12 per cent, according to frequent ‘checks. 

The stock in each case had been hot-rolled to lf, in. and 
then thoroughly annealed. 


FEBRUARY, 1938 


Table 1. Composition of the Alloys Investigated by Pilling and 
Worthington, and by the Author. 


Composition, Per Cent 
~ S 











E Cr. — - — 
Material Ni Cr Fe Mn Si G 
80:20 
Pilling & Worthington’s No, 5 79.7 19.04 0.88 .. 0.10 0.09 
Pilling & Worthington’s No. 6 Bal. 19.80 0.48 2.3 0.30 0.13 
on. TOREER Aisi cee csacs 76.75 20.50 0.50 1.0 1.25 0.08 max, 
716 
Pilling & Worthington’s No. 3 60.3 15.90 Bal. 2.4 0.09 0.14 
Author’s Tophet C.......... 59.0 16.00 21.25 2.5 1.25 0.12 max 


Test Results 


The results of the tests over the range 300-1800 deg. F. 
are given in Fig. 2; the testing temperatures were, for 
Tophet A:72, 300, 500, 750, 900, 1000, 1100, 1200, 1300, 
1350, 1400, 1600 and 1800 deg. F., and for Tophet C: 72, 
300, 500, 750, 900, 1000, 1100, 1200, 1400 and 1600 
deg. F. Neither yield strength nor proportional limit was 
determined. 

The Tophet A results are given by the solid lines in Fig. 
2. The plotted points are averages; from 2 to 4 specimens 
were used at each temperature, and any specimen fracturing 
at the fillet was discarded, only those being plotted from 
fractures within the middle 2/3 of the gage length. Indi- 
vidual observations on tensile strength agreed closely, as 
did those for elongation and reduction of area up to 1400 
deg. F. At 1400 and 1600 deg. F. the ductility figures on 
duplicate bars showed wide divergence, but agreed well 
again at 1800 deg. F. The scatter at 1400 and 1600 deg. 
F, is shown in Table II, which gives results for each Tophet 
A specimen tested at those temperatures. 


Table II. Ductility Values Observed for Individual Tophet A Specimens 
at 1400 and 1600 deg. F. 


Temperature, Reduction in Area, Elongation, 


deg. F. Per Cent Per Cent 
1400 25.40 41.20 
22.70 29.10 

13.85 21.78 

1600 23.70 40.60 
9.05 20.30 


The results on Tophet C are shown by the dotted lines 
in Fig. 2. Only one specimen was tested at each tempera- 
ture in this series. 

The fractures of the Tophet A specimens are given in 
Fig. 3 and those of the Tophet C in Fig. 4. 


Discussion of Results 


The 80:20 alloy shows a deep valley in ductility from 
900 to 1300 deg. F., falling to a minimum at 1100 deg. F., 
but recovering sharply at 1300 deg. F., after which the duc- 
tility falls off again. Its fracture was intra-crystalline up 
to 1200 deg. F., but inter-crystalline from 100 to 1800 deg. 
F. Some grain growth was noted at 1600 deg. F. and 
pronounced grain growth at 1800 deg. F. The change in 
grain size with rising testing temperature is illustrated in 
Fig 5. 

The brittle range noted with 80:20 was not so marked 
in the higher iron alloy, Tophet C. Some inter-crystalline 
cracking was also observed in the fractures of the latter at 
1400 and 1600 deg. F. 

Pilling and Worthington (A.S.T.M.—A.S.M.E. Joint 
Symposium on Effect of Temperature on the Properties of 
Metals, 1931, page 502) have given data for 2 alloys of the 
80:20 type. In Fig. 6 their data are plotted on the same 
coordinates as the author’s values. Pilling and Worthing- 
ton’s material No. 6 (which contained 2.3% Mn) showed 
the 1000-1200 deg. F. dip in ductility but did not fall 
again. Their material No. 5 (which contained little or 
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A-19 1000° F. 


Fig, 3.—Fractures of the 80:20 Alloy 


no Mn) did not fall off in ductility so soon, fell to about 
the same level as No. 6 at a higher temperature, and did 
not appreciably rise thereafter. The author's curves for 
Tophet A (which contained about 1% Mn) are almost 
the resultant of Pilling and Worthington’s Nos. 5 and 6. 
Although this evidence is probably insufficient to prove 
any correlation between manganese content and the duc- 
tility of 80:20 alloy in this ‘‘brittle range,’’ it does show 
that rather small changes in composition or in melting 
practice can profoundly affect the ductility of this type of 
material. 

Pilling and Worthington also give data for an alloy of 
the 60:16 class, which are plotted in Fig. 7 together with 
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A-25 1100° F. 





A-23 1200° F. 


A-27 1350° F. 
A-15 1400° F. 


A-26 1600° F. 


SS paces : 
1 


A-29 1800° F. 


at Various Testing Tem peratures. 


the author's curves for Tophet C. Their alloy (Material 
No. 3) was weaker and more ductile at room temperature 
than the Tophet C used in the present work. The tensile 
strengths of the two lots became of the same order at 
1300-1600 deg. F., while the elongation and reduction of 
area values agree fairly well in that temperature range. 
The change in the relative tensile strengths of the 80:20 
and 60:16 alloys at various temperatures is also worthy of 
note. Pilling and Worthington found the 80:20 alloy to 
be of superior strength at all temperatures, whereas the 
author found the 80:20 to be weaker than the 60:16 alloy 
below 1150 deg. F., and stronger, and increasingly so in 
comparison, as the temperature rose above this value. At 
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Fig. 4.—Fractures of the 60:16 Alloy at Various Testing 
Tem peratures. 


FEBRUARY, 1938 





Fig. 5.—Mucrostructure of the 80:20 Alloy after Testing 
at 72 (Top), 1600 (Middle) and 1800 (Bottom) Deg. F. 
Etched with acidified ferric chloride solution. Magntfica- 
tions 500 X. 
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Fig. 6.—Comparison of Author's Results for Tophet A 
with those of Pilling and Worthington for other 80:20 
Alloys. The compositions are given in Table I. 


1800 deg. F. the Tophet A was as strong as was the Tophet 
C at 1600 deg. F. 

The deviation of the reduction of area curve of Tophet 
A from Pilling and Worthington’s material No. 6, and that 
of Tophet C from their No. 3 at 1400-1600 deg. F. begins 
where inter-crystalline cracking was observed by the author. 
Alloys of these types are extremely sensitive to rate of Joad- 
ing, and different rates used by different experimenters may 
alter the results materially. 
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Fig. 7.—Comparison of Author's Results for Tophet C 


with those of Pilling and Worthington for Another 60:16 
Alloy. The compositions are given in Table !. 
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ELEMENTS OF THE FOURTH GROUP of the 

riodic table under suitable conditions form hydrides. 
titanium sub-group is of particular interest since 
vents of that sub-group form hydrides by direct 
' hydrogen on these elements at a temperature 
0 deg. C. The present discussion, however, will 
d only to the first element of this sub-group, that 
im, 


1ration of Titanium 


m is the ninth most abundant element. Ac- 
to F. W. Clarke,’ titanium oxide constitutes 1 
of the earth’s crust. A number of minerals con- 
ium, yet only two, rutile (TiO,) and ilmenite 

are important sources of this element. Both 
| ilmenite usually undergo chemical treatment 
y are used for the production of metallic titanium. 


Producing a Cu-Ti Eutectic Alloy from Powdered Materials. 
ium hydride. 


In the center is a crucible into which the powdered mixture is placed. 
resulting from heating the crucible at 880 deg. C. 


Purified titanium oxide is of special importance as a 
starting point in the production of titanium metal since 
this oxide is now available by the carload, of 99.5 per cent 
purity, and at a price of only 163 per Ib. 

Titanium was first isolated in 1825 by J. J. Berzelius,? 
who prepared metallic titanium by the reduction of potas- 
stum fluotitanate (K,TiF,) with sodium. Since that time 
a number of investigators have used several other methods 
in the preparation of titanium. These methods apart from 
small modifications could be classed in six groups: 


1. The reduction of titanium tetrachloride (TiCl,) with 
sodium.* 

2. The reduction of titanium oxide (TiO.) with metal- 
lic calcium.* 

3. The reduction of titanium oxide with aluminum.’ 

4. The thermal dissociation of halogen compounds of 
titanium.® 

5. The electro-deposition of titanium from fused salts.’ 

6. The reduction of titanium oxide with calcium hydride.* 


All these methods have their merits as well as defects. The 


At the left is a mixture of powdered copper 
At the right is the ingot 
It is a Cu-Ti eutectic alloy. 
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Fig. 2. Photomicrograph of the Cu-Ti Alloy (Ti- 
28%) X 200. Etched with NH,OH + H,O,. 


usual obstacle in the production of pure titanium on a 
commercial scale is either the high cost of production, or 
the contamination of titanium with the reducing agent. 

The thermal dissociation of titanium chloride or iodide 
is of special interest since it gives ductile titanium. This 
method was first applied in 1908 by E. Defacqz and H. 
Copaux, and subsequently was developed to a high degree 
of perfection by A. E. Von Arkel and Dr. H. de Boer.® 
These last experimenters developed the technic of passing 
purified titanium iodide over incandescent tungsten fila- 
ment on which titanium is deposited in concentric layers. 
After suitable heat treatment, the deposited titanium can 
be rolled into thin strips of metal. 

Titanium produced by this method is quite ductile. It 
may be mentioned here that the same process was applied 
by Dr. de Boer for the production of ductile zirconium. 
This probably is the best process for the production of very 
pure titanium. Yet, at present, it is suitable only for use 
on a very small laboratory scale. 

On the other hand, the hydride process, in which titan- 
ium oxide is reduced with calcium hydride, is probably 
one of the most suitable methods for the production of 
titanium on a large scale. Like other processes, the hydride 
process has its disadvantages as well as advantages. The 
disadvantage of this process is that titanium is always pro- 
duced at first as a hydride, and only by subsequent de- 
gassing is it converted into metallic titanium. Even then 
the produced titanium contains an appreciable amount of 
hydrogen. In other words, titanium produced by the hy- 
dride process is never free from hydrogen. For several 
purposes this contamination is not desirable, and when 
hydrogen-free titanium is desired, titanium produced by 
other methods should be used. 
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This disadvantage in certain other fields, as will be 
shown below, has been turned into a very great advantage. 


Titanium Hydride 


As has been indicated, titanium, like all the metals of 
this sub-group, reacts directly with hydrogen. Yet the 
hydride which is formed, depends on the conditions under 
which the experiment was carried out. At present there 
is considerable difference of opinion with regard to the 
formula by which titanium hydride should be represented, 
This situation is due to the fact that different experimenters 
used different methods and so obtained titanium containin 
different amounts of hydrogen. It is quite likely that 
instead of one definite hydride, titanium forms several 
hydrides, depending on the method by which it is pre- 
pared. 

A Klauber'* produced gaseous titanium hydride which, 
when passed through a hot tube, was dissociated into hy- 
drogen, and metallic titanium deposited on the walls of 
the tube. This hydride probably contains the largest 
amount of hydrogen, The other experimenters, instead 
of gaseous titanium hydrides, obtained solid hydrides. 

M. Billy’®, by measuring the volume of hydrogen evolved 
by titanium hydride previously produced, suggested the 
formula, Ti,H,, for titanium hydride. It could be pointed 
out, however, that in this experiment, the degassed titanium 
probably still contained an appreciable amount of hydrogen, 
In fact, L. Weiss and H. Kaiser’! stated that, once hydro. 
gen is absorbed by titanium, it cannot be completely ex- 
tracted even by long treatments in vacuum. They stated 
that even the vacuum-fused titanium, treated at 2000 deg. 
C., still contained 1.56 per cent of hydrogen. 

It is now recognized that the amount of hydrogen ab- 
sorbed by titanium depends not only on the temperature 
but also on the duration of the process of reduction of 
metal from oxide and even on the previous treatment of 
titanium oxide. It is also fairly well established that 
titanium, and other metals in this sub-group, take up more 
hydrogen at the moment of reduction of these metals from 
the oxide than they do when subsequently exposed to hy- 
drogen. Mueller and Schwabe’? for instance stated that, 
under such conditions, one volume of titanium absorbs 
1800 volumes of hydrogen. 

These various data, as well as those obtained by the 
writer, indicate that probably titanium forms several 
hydrides. However, by using the hydride process, the hy- 
dride most likely to be produced is that which could be 
represented by the formula, TiH,. This hydride would lose 
part of its hydrogen if, during the production, it should 
be heated to too high a temperature, or after preparation 
it should be dried in a vacuum. 


Properties of Titanium Hydride 


Titanium hydride, when prepared by the reduction of 
titanium oxide with calcium hydride, comes in the state 
of very fine powder with every appearance of metallic 
titanium. It is not hygroscopic and is fairly resistant 10 
the action of dilute hydrochloric acid. It can be exposed 
to atmospheric air at room temperature indefinitely without 
undergoing any changes. However, at high temperature, 
it gradually dissociates into hydrogen and the metal. The 
incipient dissociation in vacuum probably starts at about 
100 deg. C. Yet up to 350 deg. C., it is very slow. Only 
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after the temperature is increased above 400 deg. C. does 
the dissociation become rapid. The complete dissociation 
is reached only at 1000 deg. C. Even then, as stated, a 
certain percentage of hydrogen is retained by the remain- 
ing metal. 

The presence of hydrogen in titanium for certain pur- 
poses is very beneficial. It makes the handling of this 
material much safer than the handling of degassed metal. 
The powdered degassed metal, or titanium powder pro- 
duced by methods giving hydrogen-free titanium, when 
heated above a certain temperature, ignites and burns al- 
most instantaneously with great evolution of heat. And 
once ignited, the combustion of metallic titanium in pow- 
dered form cannot be extinguished by ordinary means. 

The behavior of titanium hydride in this respect is 
quite different. For instance, if a small amount of ti- 
tanium hydride is heated in a combustion boat over the 
flame of a Bunsen burner, no change will take place until 
the temperature of dissociation of the hydride is reached. 
When the powdered material is further heated above 350 
deg. C., the hydrogen evolving from the powdered ma- 
terial will ignite and will burn with a quiet hydrogen 
flame, completely enveloping the powdered material. This 
will protect it from contact with air and rapid oxidation. 
This evolution of hydrogen will continue for a considerable 
time until most of the hydrogen is expelled and the tem- 
perature has reached 800 to 900 deg. C. Then the second 
reaction takes place and the degassed, or almost degassed 


titanum, ignites and burns in a fraction of a second with 
a great evolution of heat. The temperature of the burning 
titaniim is that of dazzling white heat. 

\ien the larger masses of titanium hydride, by some 
mistase, are overheated, as, for instance, during the dry- 


ing process, they ignite very slowly with a hydrogen flame 
cove: ng up the remaining charge. If the air is prevented 
from reaching the burning titanium hydride, the com- 
bustio. of hydrogen, and therefore of the titanium 
hydrice, will stop. 

Th transportation of titanium hydride is also much 
safer han that of metallic powdered titanium since there 


is no Janger of spontaneous combustion of the powdered 
material, 


-_ 


Production of Copper- 
Titanium Alloys 


The hydrogen present in large volumes in titanium 
cannot be considered as an impurity but rather as a valu- 
able chemical reagent which is supplied in condensed form 
and which could be released at will either to supply 100 
per cent pure hydrogen in activated form to produce cer- 
tain chemical reactions, or to act as a flux to protect the 
expensive titanium from oxidation and nitrogenation when 
this material is used in metallurgical processes. One such 
application of hydrogen evolving from titanium hydride ‘s 
found in the production of copper-titanium alloys. 

The development of new non-ferrous alloys in the last 
decade has focused the attention of metallurgists on 
titanium as an alloying element. Hensel and Larsen’® 
have shown that the binary copper alloy containing 2.58 
per cent titanium has a yield point of 82,000 Ibs. per sq. 
in., a tensile strength of 104,100 Ibs. per sq. in., and an 
elongation of 20 per cent. 

Other investigators have shown that the addition of 
titanium imparts to copper additional tensile strength 
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Fig. 3. Structure of a 15 per cent Ti-Cu Alloy Pro- 
duced the Same as in Fig. 1, but at a Slightly Higher 
Temperature. X 100. Etched with NH,OH + H,O,. 


which is retained at high temperature to a greater degree 
than that of several other copper alloys. This indicates 
that copper-titanium alloys might find considerable use in 
such applications as condenser tubes, boilers, etc. 

The production of titanium-copper is usually carried 
out by an addition of master alloy of copper and titanium. 
The usual composition of the master alloy is that of a 
eutectic of these two metals. 

The production of titanium-copper eutectic alloy there- 
fore has a definite purpose, and possibly would find in the 
future a considerable demand if such an alloy could be 
produced of sufficient purity and at comparatively low 
price. 

The usual difficulty of introducing titanium into copper 
is due to their great difference in specific gravity and 
melting point as well as to the rapid oxidation and nitro- 
genation of titanium at high temperature. The specific 
gravity of copper is 8.94 and the melting point, 1083 
deg. C.; whereas the specific gravity of titanium is 4.5 and 
the melting point, 1800 deg. C. In other words, if ti- 
tanium is added to the molten bath of copper, it would rise 
immediately to the surface and would be subject to oxida- 
tion even in spite of the protective fluxes. Furthermore, 
molten copper contains a certain percentage of oxygen 
which of course would oxidize part of the introduced 
titanium. 


Ti-Cu Alloy by a New Process 


To eliminate these difficulties, a mew process has been 
developed by Metal Hydrides, Inc., which takes advantage 
of the technic used in powder metallurgy and the special 
properties of titanium hydride. (Patents applied for in the 
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U. S., Canada and other countries. ) 

Since it is desired to produce a eutectic alloy, powdered 
titanium hydride and powdered copper, which now is 
available on the market in any quantity at a comparatively 
low price, are thoroughly mixed in the proportion of the 
eutectic composition; that is, titanium 28 per cent and cop- 
per 72 per cent. These are mixed in the ball mill until 
the distribution of titanium hydride particles is perfectly 
uniform throughout the mass of powdered copper. The 
powdered mixture is then simply poured into crucible A, 
shown on Fig. 1, and placed in a vacuum furnace. 

As the temperature of the powdered mass is gradually 
rising, the titanium hydride begins to dissociate slowly. 
The evolving hydrogen reacts immediately with the thin 
layers of copper oxide always present on the grains of 
powdered copper, and the produced moisture with an ex- 
cess of hydrogen is withdrawn from the powdered mass. 
Since at this stage, the evolution of hydrogen from titan. 
ium hydride is very rapid, each particle of that compound 
is surrounded by an atmosphere of nascent hydrogen which 
prevents the produced moisture from coming in contact 
with titanium and oxidizing it. By the time the tempera- 
ture reaches 800 deg. C., all the particles of copper are ab- 
solutely free from any traces of oxide. They more or less 
weld together and the whole mass sinters and shrinks into 
a smaller volume. The particles of partly degassed ti- 
tanium hydride therefore come in intimate contact with 
the clean surfaces of deoxidized copper. 

As the temperature is rising still higher and reaches 
878 deg. C., that is, the temperature of the melting point 
of copper-titanium eutectic, at the point of contact of cop- 
per and titanium particles there is a formation of liquid 
low-melting point alloy. Since copper and copper-rich 
alloys have a tendency to flow by capillarity in an at- 
mosphere of hydrogen, over the clean surfaces of such 
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metals as iron, titanium, etc., the formed droplet of liquid 
alloy does not remain in its initial position but spreads 
over the surface of the titanium particle. The pure 
titanium and pure copper again come in contact with the 
subsequent formation of another droplet of liquid low. 
melting point alloy. This continuous out-flow of the 
formed liquid alloy results in the gradual conversion of the 
total mass of titanium into titanium-copper eutectic alloy. 

At the beginning of this process the whole powdered 
mass is solid and there is no tendency for titanium or titan- 
ium hydride to segregate. When the process is reaching 
the initial stage of formation of liquid droplets of eutectic 
alloy, the whole mass assumes a more or less pasty state 
and again the tendency of titanium to separate by gravity 
is checked. In the last stage of the process, when all of 
the titanium particles are converted into eutectic alloy, this 
phenomenon takes place simultaneously in all parts of the 
charge. The whole mass is now converted into a liquid 
alloy of uniform composition and specific gravity. 

Since copper and copper-rich alloys do not dissolve hydro- 
gen in solid state, the last traces of hydrogen escape from 
the alloy at the moment of solidification of the produced 
charge. The resulting ingots therefore come in the state 
of rather porous material which can be easily broken up 
with a hammer into small pieces or can even be crushed 
in a jaw-crusher. The dissociation of titanium hydride 
could be somewhat retarted by conducting operations, ot 
in a vacuum, but in the atmosphere of hydrogen. 1 his 
modification is used when a continuous operation of ‘he 
furnace is desired. 

The ingot in Fig. 1 shows that, in spite of the abse ce 
of any fluxes, its top surface is clean and absolutely - ree 
from any traces of oxidation. Fig. 2 shows the photo- 
micrograph taken on the piece of alloy from the ir got 
shown in Fig. 1. Fig. 3 shows a photomicrograph of 15 
per cent titanium-copper alloy produced by the same m.th- 
od but at slightly higher temperature. 

This method of production of copper-titanium eutectic 
alloys utilizes the advantages of powder metallurgy to pro- 
duce a fused alloy. In other words, the cast alloy is pro- 
duced by putting together two solid ‘metals and by hea‘ing 
them to a temperature way below the melting point of 
either of the metals. 

It may also be pointed out that in this process of the 
production of alloys by mixing together two pure metals 
and using, as a flux, only hydrogen contained in one of 
the constituents, we eliminate the possibility of the con- 
tamination of the resulting alloy by the particles of flux, 
oxide, nitride, etc. The purity of alloys, therefore, will be 
determined only by the purity of the metals used in theit 
production. 
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AN EXTENDED ABSTRACT ON 


LEAD-CALCIUM ALLOYS 


hy Janet Z. Briggs 


ucible Steel Co. of America, 


York. 


(t of the information in this abstract appeared in a recent 
' by U. B. Thomas, Jr., in Bell Laboratories Record; in 
ion, some data published in earlier papers’ *» 3 by Mr. Thomas 
ther Bell Laboratories investigators have been included to 
blete the picture. The specific source in any case is indicated 
text, 


( VEN YEARS AGO, experiments were conducted to 
letermine the exact composition of the air in various 
X telephone offices. Using the standard iodine-starch 
| it was found that the ‘‘sulphur dioxide” concentra- 
was distinctly greater near battery rooms during the 

pe.od of overcharge. Specific tests showed that the gas 
w.s not sulphur dioxide, but it required a lengthy investi- 
gion to prove that the pseudo-sulphur dioxide was really 
si.oine (antimony hydride) .? 4 

\s shown in Fig. 1, appreciable amounts of stibine are 
evolved only during the overcharge period when the 
nascent hydrogen is evolved at the negative antimony-lead 
plate, in which all antimony over about 0.25 per cent is 
present in the free state..* The increase in stibine evolu- 
tion after the battery has been idle is due to the extraction 
of antimony from the positive grid during charging, the 
deposition of this antimony on the sponge lead and the dif- 
fusion of the antimony to the surface of the negative 
grid.) ‘ 

The results of earlier tests in regard to the toxicity of 
stibine were confirmed, but the amounts involved in storage 
battery rooms are not sufficient to be dangerous.” 


Need for An Alloy Superior to Pb-Sb 


Since the leaching out and redeposition of antimony 
weakens the positive grid and forms local galvanic couples 
on the negative electrode that increase the rate of self dis- 
charge, it appeared desirable to attempt to develop a su- 
petior alloy. The alloying element should be electro- 
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Fig. 1.—Stibine Concentration of Storage Battery Gases 
during Charge and Overcharge. 


negative to lead, so that self discharge by local action 
would be impossible. Furthermore, it should have a low 
diffusivity at room temperature and should not be present 
as a net work, to avoid selective solution of the alloying 
element and consequent weakening of the plate. Other 
desirable properties would be a high electrical conductivity 
and low solidification shrinkage.* 

Since calcium is electronegative to lead, the age-b: rden- 
ing calcium-lead alloys that had been developed for cable 
sheaths were considered.*:* The age-hardening is due to 
the fact that about 0.1 per cent calcium is soluble in lead 
at the peritectic temperature (328.3 deg. C.) and only 
about 0.01 per cent at room temperature. Since the 0.1 
per cent calcium-lead alloy consists of primary solid solu- 
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tion crystals with a submicroscopic dispersed phase 
(Pb,Ca), whereas the 9 per cent antimony-lead alloy con- 
sists of dendritic crystals of the lead-rich phase surrounded 
by lead-antimony eutectic, the calcium-lead alloys would 
not be susceptible to weakening by leaching. An added 
advantage is the low diffusivity of calcium in lead at room 
temperatures.® 


Mechanical Properties of Pb-Ca 


Fig. 2 shows the tensile strength of various calcium-lead 
alloys after aging at room temperature for one week and 
holding at 100 deg. C. for 18 hrs.*** The maximum 
value of 8,000 Ibs. per sq. in. for 0.1 per cent calcium is 
comparable to the strength of the 9 per cent antimony-lead 
alloy. There is no danger of softening at room tempera- 
ture, since samples showed no decrease in tensile strength 
after eight years. The cold rolling of age-hardened cal- 
cium-lead alloys facilitates the precipitation of the com- 
pound (Pb,Ca), but owing to its effect on the grain size, 
it does not always increase the tensile strength. For ex- 
ample, the tensile strength of 0.04 per cent calcium-lead 
was increased from 5,200 to 6,600 Ibs. per sq. in. by cold 
rolling, whereas the strength of 0.08-0.10 per cent 
calcium-lead was slightly decreased.® 


Electrochemical Properties of Pb-Ca 


A simple qualitative test for sulphiation or the loss of 
charge on an open circuit due to the slow corrosion of lead 
can be made by recording the potential-time curve for a 
lead alloy rod in sulphuric acid. The potential is prac- 
tically constant until the lead is virtually covered with sul- 
phate when the potential increases sharply. The time re- 
quired for the potential break is a measure of the suscepti- 
bility to self discharge. Sulphation is very slow for pure 
lead, but is accelerated by atmospheric oxygen or by the 
presence of electronegative particles (such as antimony) on 
the lead which form short-circuited local elements.2 As 
shown in Fig. 3, the loss of charge in a given time is 
much less for the calcium-lead alloys than for the anti- 
mony-lead alloys.2»* The anodic and cathodic behavior of 
the calcium-lead alloys is similar to that of pure lead and 
very different from that of the antimony-lead alloys. Fig. 
4 indicates that the deleterious effect of antimony on the 
sulphation time is noticeable even with very small anti- 
mony contents.” ¢ 

An unexpected advantage is that the hydrogen evolution 
during the overcharge period starts at a potential about 
0.4 volt more positive for calcium-lead alloys and lead 
than for antimony-lead alloys. This means that less cur- 
rent is wasted in hydrogen evolution and more devoted to 
the purpose of changing the !ead sulphate to lead when 
lead or calcium-lead plates are used.? 


Other Advantages 


The electrical conductivity of 0.1 per cent calcium-lead 
alloys is about 20 per cent higher than that of the 9 per 
cent antimony-lead. This is important in securing a uniform 
current distribution throughout the grid when large cur- 
rents are drawn.*}* The calcium-lead alloys have good 
casting properties (grids have been made with a thickness 
of only 0.07 in.), and can be welded, burned, drawn, 
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tent of Hardened Lead-Calcium Alloys. 
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extruded and stamped.*: ¢ 

The raw materials are cheaper for the calcium-lead alloy 
than for the antimony-lead alloy, but the manufacturing 
costs may be greater. However, due to the increased life 
and cell efficiency, the 0.1 per cent calcium-lead alloy 
should be superior for storage battery grids and for Plante 
type plates. 
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Corrosion of Some Alloys by Solutions 


OF AMMONIUM SALTS IN LIQUID AMMONIA 


by L. Fe. Audrieth and T. E. Franks 


Asst. Prof. of Inorganic Chemistry, Univ. of 
Ill, Urbana, Ill., and Metallurgist, 
General Alloys Co., Boston, respectively. 


agHILE CORROSION PROBLEMS dealing with 
y aqueous solutions have been the subject of extensive 
investigation, little effort has been made to extend 
| studies to non-aqueous systems. The Haber synthetic 
nonia process has made available to the industry a solv- 
which can be produced in large quantity at a cost of 
it 3c per Ib. Liquid ammonia has thus become one of 
cheapest anhydrous solvents now available on the mar- 
Its boiling point at atmospheric pressure is —-33 deg. 
out reactions in which its use is involved are generally 
ed out at higher temperatures and in equipment de- 

ed especially for high pressure operation. 
quid ammonia (NH,) rivals water in its ability to take 
solution inorganic compounds, It is far superior to 
er as a solvent for organic compounds. Interest in am- 
nia is furthermore enhanced by the fact that it may be 
ked upon as the parent substance of a whole class of 
trogen compounds' which are related to ammonia in 
ich the same way as the ordinary acids and bases are to 
water. It is sufficient to state here that ammonium salts act 
acids when dissolved in liquid ammonia. Since solu- 
ions of ammonium salts in liquid ammonia have already 
found use in a number of processes which have assumed 
technical significance it is obvious that the corrosive effect 
of such solutions is a factor of distinct importance to the 

industry. 

A survey of the available information dealing with the 
action of ammonium salts in liquid ammonia upon metals? 
reveals the fact that such data is not only fragmentary, but 
very qualitative in nature. According to statements in the 
literature the metals beryllium, zinc, cadmium and mag- 
nesium dissolve in solutions of ammonium nitrate, am- 
monium chloride and ammonium iodide to form the cor- 
responding nitrates, chlorides and iodides. Aluminum is 
said to be unaffected by Divers solution (a concentrated 
solution of ammonium nitrate in liquid ammonia), while 
gallium and thallium are attacked only to a limited extent. 
The rare earth metals are dissolved readily by ammonium 
salts in liquid ammonia. Lead and tin are said to be stable 
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towards solutions of ammonium nitrate and ammonium 
bromide. Bismuth is not affected by Divers’ solution. 

Bergstrom*® found that chromium and molybdenum are 
practically unaffected by ammonium nitrate solutions, but 
that manganese is readily attacked by ammonium nitrate, 
ammonium bromide and ammonium cyanide. Elements 
of the eighth group of the periodic system seem to be the 
most generally resistant to the action of solutions of am- 
monium salts in liquid ammonia. Iron is reported by 
Divers* to be unattacked by Divers’ solution, whereas 
Davis, Olmstead and Lundstrom® report that both iron and 
steel are rapidly attacked by solutions of ammonium nitrate 
and ammonium thiocyanate. Bergstrom reports that iron 
is slowly attacked in the pure state, but more readily if 
several per cent of the oxide is present (rusty iron?). 
Bergstrom also found that nickel and cobalt are acted upon 
slowly by a solution of ammonium nitrate. 

While information on the action of liquid ammonia 
solutions of ammonium salts upon metals is very incom- 
plete, no data on the resistance of alloys has been made 
available to date. We are therefore presenting the results 
of a preliminary investigation which was carried out for 
the purpose of determining the resistance of some of the 
commoner alloy materials to liquid ammonia solutions of 
ammonium chloride, ammonium nitrate and ammonium 
thiocyanate. 


Experimental 


The corrosion tests were carried out at room tempera- 
ture in sealed glass tubes (16 by 300 mm.) The alloy 
samples, averaging about five grams in weight, were first 
ground on a carborundum belt to give a uniform surface 
on all specimens, then weighed and placed in separate 
tubes. All tubes were calibrated to contain 15 cc. of solu- 
tion and one gram of ammonium salt was used in each case 
to give solutions of comparable concentration. After the 
alloy specimen and ammonium salt had been placed in the 
tube the latter was cooled in a solid carbon dioxide-acetone 
bath and liquid ammonia added to give the proper volume 
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of solution. The tubes were immediately sealed to pre- 
clude entrance of moisture and then allowed to come to 
room temperature. The tubes were allowed to stand for 
three months and examined occasionally for evidences of 
chemical action. After this time period had elapsed the 
tubes were cooled again, opened and the solutions evap- 
orated. The alloy specimens were cleaned, dried and 
weighed, and the loss in weight per Square centimeter 
calculated. 

The experimental results are presented in the Table 4. 
Where the loss in weight was found to be less than one 
milligram per square centimeter this fact is indicated by 


Table of Corrosion of Some Alloys by Solutions of Ammonium 
Salts in Liquid Ammonia 


Weight loss is given in grams per square centimeter. 
Salt dissolved in liquid ammonia 
. —— ” eee oe — 
Composition NHACl NH:iNO; | NH,SCN 
Alloys of Iron: 
ee, weet, MEE... . ob abe ” ne 
(EDT Sa eats * * 0-003 
J) Ee | at . . 0.005 
SONG) SIU, BOE voces. sevice . . 0.003 
aS Seen . * 0.002 
Yam TORT io bod ecn vcs " * 0.003 
68Fe, 30Cr ..... eas aot, * 0.006 
70Fe, 28Cr, 0.5Mn .......... * * 0.001 
(NE > Seats teats ogee . . 0.004 
99Fe, 0.45Cu, 0.05Mo ....... 0.003 0.029 0.002 
oe, , 1 SSM aa eae . 0.004 0.003 0.004 
Pt re Sa dein oes —-—- 0.012 - = 
Alloys of Copper: ite 
99 8Cu, ae iia eign > aia, 0.008 0.011 
98.16Cu, 1.77Sn ba Pe OS 0.006 0.005 0.005 
96. 1 U, 1.86Sn, 2Al ‘ cana» re 0.003 0.005 
95.5Cu, 4.2Sn, .14P ea 0.005 0.001 
990s, SEC ISE aie. dss 2s: BRee 0.007 0.001 
pk ae RS . 0.002 0.004 0.002 
83.6Cu, 3.85n, 8.8Zn, 4.4Pb... 0.005 0.004 0.003 
8iCu, 4.15n, 8.14Zn, 6.5Pb... 0.002 0.004 0.004 
77.2Cu, 2.4Sn, 19.4Zn, 0.7Pb.. 0.003 0.001 0.002 
76.1Cu, 18.1Zn, 4Ni, 1.64Si... 0.005 0.003 0.003 
64.36Cu, 5.34Zn, 29.71Ni ..... 0.006 —. 0.002 
Cs EEE, SEO conesaves «>> CRSS —- 0.001 
Miscellaneous: 
.. .. SSAA ere me i 0.004 0.006 0.001 
PS i cic BAe wha A Wools dav 0.118 0.013 0.001 
PT ek 5 ad 6 0s we. eben me 0.007 0.011 0.002 


an asterisk (*). The compositions noted in the first col- 
umn are those specified by the manufacturers or given in 
various handbooks. 


Discussion 


In evaluating the results presented above, it is necessary 
to keep in mind that ammonium salts when dissolved in 
liquid ammonia produce solutions which are actually acidic 
in nature. Thus, a solution containing ammonium chlor- 
ide may be regarded as analogous to a solution of hydro- 
chloric acid in water. It should be pointed out, however, 
that the conditions are not exactly comparable—(1)_be- 
cause the action of such solutions upon metals is much 
more sluggish and (2) because the solubilities of the prod- 
ucts in liquid ammonia are in many cases very different 
from the solubilities of these same substances in water. 
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The results of our tests indicate that chrome-nickel steels 
and high chromium steels are quite resistant to corrosion 
by solutions of both ammonium chloride and ammonium 
nitrate. It is quite evident that the addition of chromium 
to steel greatly increases the resistance to solutions of these 
“acids” in liquid ammonia, since various samples of iron 
and steel subjected to these same tests undergo appreciable 
attack. 

These same iron alloys are readily attacked by solutions 
of ammonium thiocyanate. This finding is not altogether 
unexpected to those familiar with the solubilities of vari- 
ous compounds in non-aqueous solvents, since metallic 
thiocyanates are generally among the most easily soluble 
compounds. Unfortunately, the data do not give evidence 
of any correlation between composition and extent of cor- 
rosion. 

The copper alloys listed in the table were readily attacked 
by all three solutions. This is very probably due to the 
fact that soluble cupric salts exist in liquid ammonia in the 
form of the very stable complexion, the tetramino-cupric 
ion, Cu(NH,),++. Solutions in contact with the various 
copper alloys invariably assumed the characteristic blue 
coloration, leading one to assume that corrosion involves at 
least partial solution of the copper in the cupric state. 

The corrosion of chemical lead may serve to illustrate 
the difference between aqueous and liquid ammonia solu- 
tions of acids. At ordinary temperature dilute hydro- 
chloric acid attacks lead slowly; corrosion by ammonium 
chloride in liquid ammonia is very marked. The addition 
of 6 per cent antimony (antimonial lead) increases ma- 
terially resistance to the ammonium chloride solution. 

Nickel, wrought iron and steel suffer appreciable cor- 
rosion by solutions of all three ammonium salts. Alumi- 
num is not attacked by ammonium nitrate solution in liquid 
ammonia, which is presumably due to the fact that the 
oxide film on the metal is not dissolved or removed. 

Our results must be considered directional in nature. 
They should serve to emphasize the need of more extended 
investigations of the phenomena of corrosion not only in 
liquid ammonia, but in other solvent systems where spe- 
cific solutes impart especial chemical character to the re- 
sulting solutions. 
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